In order to investigate the effect of meteorological factors on the yield and quality of special rice during the filling stage, an experiment was conducted with 10 special rice varieties which were planted in three different regions during spring 2017. The results showed that the quality traits and yields from different regions of the same variety were different, which reached up to a significant level in most varieties. Among the quality traits, the grain chalkiness rate and chalkiness degree were the most sensitive to different climatic factors, and changes were found among them in different regions, while minor variation was found between brown rice rate and white rice rate. The parameters that were severely affected by temperature were gel consistency, gelatinization temperature, brown rice rate and yield during the filling stage. The critically affected factors by heat were brown rice rate, protein content, essential amino acid and amylose content while brown rice rate, chalkiness rate and gelatinization temperature were substantially affected by water factors. Grain yield and quality were closely related to meteorological factors on different stages after heading. Our results revealed that yield and quality of special rice were significantly influenced by meteorological factors during the grain filling stage.
the use of rice with the development of social economy. However, it is still considered the staple food of half of the world's population and an important raw material for food, feed processing, and brewing. The quality standards of rice for different uses are different in China, the quality of rice used as grain can be evaluated in terms of appearance quality, processing quality, cooking quality, nutrition and hygienic quality. The chalkiness rate and chalkiness degree seriously affect the appearance quality of rice, which is closely related to the price of rice market, which requires less chalkiness and high transparency [1] [2] . The accessions with high eating quality show an overall trend toward low amylose content and low protein content, if rice with high protein content has inferior palatability [3] [4] . As a feed processing, raw material requires suitable growth period, high yield, high protein content and high brown rice rate, etc. [5] . Processing of rice material for making of rice flour, many studies have concluded that instant rice noodles produced by the rice varieties with high amylose content have good cooking characteristics [6] . The rice with high amylose content and high protein content has better quality and is suitable for processing rice noodles [7] .
The predecessors have conducted a deep and extensive research on the relationship between the quality of edible rice and environmental factors. Yin Yanbo [8] noticed that brown rice rate and white rice rate had a negative correlation with temperature during the grain filling stage. However, Lin Hongxin [9] recorded that low temperature leads to lower white rice rate and amylose content, higher chalkiness rate, chalkiness degree and protein content during the filling stage. Many studies concluded that the increases in temperature increase chalkiness rate and chalkiness degree [10] [11] [12] [13] . Cheng Fangmin [14] found that the daily average temperature during grain filling had a greater influence on rice protein content. Dai Yunyun's [11] studies showed that the increase in temperature will increase the rice protein content during grain filling. Tang Xiangru [15] stated that an increase in temperature hardens the gel consistency during grain filling stage. While Li Xin [16] observed that the gel consistency tends to soften with increase in temperature during grain filling stage. Gomez [17] showed that rice amylose content generally increased with the increasing temperature during grain filling period. On the contrary, Dong Wenjun [10] found that high temperature during the filling period reduces the amylose content. The study by Asaoka [18] also showed that rice amylose content decreased with increase in temperature. In the experiment of different sowing dates, Peng Bo [19] found that the sowing date and the corresponding temperature changed during the filling period had no significant effect on the amylose content of Japanese "Golden" rice.
The temperature during grain filling stage has a great influence on rice amylose content and effected yield at different periods. Zhang Yunfeng [20] wering was a linear growth period, when meteorological factors had a certain influence on the formation and accumulation of amylose. Jia Zhikuan [21] reported that the higher temperature was harmful for the accumulation of amylose in the first 18 days in grain filling stage, after 18 days it was conducive to the accumulation. Yang Jimin stated that the temperature had a significant effect on rice amylose formation in initial 20 days after heading, rather than the whole grain filling period. Asaoka [18] considered that the level of amylose content is quite dependent on the average temperature of 5 -15 days after heading. Ahmed [22] showed that high temperatures lead to decreased activity of sucrose synthase, ADP-glucose pyrophosphorylase, starch phosphorylase and soluble starch synthase, which lead to a decrease in total starch and amylose content of rice.
Research on the quality of noodle rice and feed rice is increasing. [28].
The formation process of rice quality is essentially the process of grain filling and development. The filling of rice grains generally shows slow, fast and slow changes. The process can be mathematically simulated by Logistic or Richards's equation [29] [30] . Moreover, the basic structure of the ear of rice determines that the top and base of the flowering and grain filling are not synchronized in time. On the other hand, the formation of different quality traits also has a chronological order. It is assumed that the relationship between the rice quality traits and the meteorological factors during the grain filling period also varies with the quality trait factors and the post-flowering time. Rice flour is a traditional staple food and is widely welcomed in southern China. In Guangxi, in September 2015, the preparation of Guangxi specialty rice noodle production specifications and the evaluation of Guangxi rice noodle demonstration store were started in the whole district, and the "Hometown of Rice Noodles" brand was further established. In Hunan, rice flour is also popular among consumers. 
Materials and Methods

Study Sites
The study was conducted in three different provinces of China in 2017 and was carried out from March to August in Nanning of Guangxi province (E108˚22', N22˚48'), Hengyang of Hunan province (E112˚21', N26˚58'), and Nanchang of Jiangxi province (E115˚56', N28˚32').
Testing Varieties
Ten varieties, which six varieties were noodle rice (Zhenguiai, Zhongzao39, Zhongzu4, E477, E334 (Conventional rice) and Guiliangyou2 (Hybrid rice)), and four varieties were feed rice (Xiangzaoxian24, Xiangzaoxian32 (Conventional rice), Zhuliangyou819 and Luliangyou996 (Conventional rice)).
Experimental Design
The experiment was designed as randomized complete block (RCB) design having three replications a total of 30 plots. The row and plant spacing were 30 cm × 13 cm, the plot area was 12. Brown rice rate (%) = (brown rice/grain sample) × 100, white rice rate = (polished rice/brown rice sample) × brown rice rate.
Appearance Quality of Rice
The chalkiness degree and chalkiness rate of rice was measured by Wanshen SC-E rice appearance quality inspection and analysis system (Hangzhou of China).
Cooking Quality of Rice
The white rice was milled by a super high-speed pulverizer, then powder was passed through a 100 mesh sieves. The amylose content was determined according to the method of GB/T 15683-1995 [31] , and the gel consistency was determined according to the method of GB/T 22294-2008 [32] . The gelatinization temperature is expressed by alkali value and was determined according to the method of the NY/T 593-2013 [33] , Ministry of Agriculture, China.
Nutritional Quality of Rice
The brown rice was milled by an ultra-high speed pulverizer and then powder was passed through 60 and 80 mesh sieves. Total nitrogen contents of rice grains were determined according to Ginning and Hibbard's method of sulphuric acid using 60 mesh sieves powder of rice grains. Digestion and distillation were made into saturated boric acid solution by Microkjeldahl's apparatus. The percentage of protein was calculated by multiplying the grain N content with a constant factor of 5.95 [34] . For Amino acid determination, brown rice powder which passed through 80 mesh sieves was used to hydrolyze by acid hydrolysis. The sample 1.00 g was put into a plug hydrolyzed tube then add 10 ml of 6 mol/L HCl, mixed and covered; then hydrolysis tube was placed in the refrigerator for 10 min. Vacuuming to 7 Pa, filling with nitrogen for 2 -3 min, capping; put hydrolyzing tube into oven, set on temperature 110˚C for 22 h, shaken the hydrolysate tube intermittently, so that the sample is fully hydrolyzed. Took out the samples after 22 h later, when cooling, samples were filtrated and constant volume to 50 ml capacity. Took 1 ml of the filtrate into a 100 ml small beaker, then putted it in a 60˚C water bath, when it dried, added 1 ml of distilled water and repeated to evaporate once to complete the acid volatilization; added 0.02 mol/L HCl to dissolve and dilute to 10 ml, it was filtered into a brown sample bottle with a 0.22 μm water filter, and then measured by a Hitachi L-8900 high-speed automatic amino acid analyzer.
Data Analysis
The data were statistically analyzed by using SPSS 21.0 [35] analytical software.
The means between the treatments were tested by least significant difference test at 0.05 probability level for those parameters which were significantly different at 5% level of probability. Table 1 shows the significant difference for growth period among the varieties, the longest growth period was recorded in 8 varieties (Z1, G2, E477, E334, X24, X32, Z819 and L996) at Hengyang while the shortest growth period was noticed in Z39 at Hengyang. And the longest growth period was observed in Z4 at Nanchang. The result showed that there are significant differences in the response of the growth period of different special rice varieties to temperature and light.
Results
Growth Period and Yield
The yield of the same variety was different among different experimental sites except (Z39, Z4, and Z819) which were found non-significant on three experimental sites (Table 1 ). The grain yield of other varieties was found significant. For starch content of Z1, G2, Z39, E334, X32 and L996, for gelatinization temperature Z1, G2, Z39, Z4, X24, X 32, and L996, while for protein content G2, E334, Z 4, X 32, and L996 were significant differences between the experimental sites. The essential amino acid contents resulted significant alterations for Z1, Z39, Z4, X32 and Z819 among the experimental sites. All the above results
Grain Quality
showed that the quality of different special rice varieties is different for temperature and light. Changes in meteorological factors during special rice growth period showed large differences among three test sites. The maximum temperature in the Nanning test site in March, June and July was significantly higher than the Hengyang and Nanchang test site. After July, the daily minimum temperature in Nanchang site was significantly higher than that in Nanning and Hengyang. Before July, the average temperature of the Nanning test site was significantly higher than that of the Hengyang and Nanchang test sites, and the average daily temperature in Nanchang increased to the highest after July. Hengyang's daily average temperature difference was the highest among the three sites. The daily solar radiation in Nanning was the lowest, mostly below 5000 W/m 2 , while the solar radiation in Hengyang and Nanchang was significantly higher than that in Nanning. 
Relationship between Yield, Quality of Special Rice and Meteorological Factors during Grain Filling
In order to further clarify the relationship between yield, quality and meteorological factors of the special rice, the varieties with single traits showed a significant differences on all the three test sites were selected, and then the relationship between the traits and the meteorological factors during the whole filling stage (heading to maturity) was plotted ( Figure 2 ). Amylose content, essential amino acid, brown rice rate and polished rice rate were negatively correlated with maximum temperature. The gelatinization temperature, gel consistency, protein content, chalkiness rate, chalkiness degree and yield were positively correlated with maximum temperature of the day. In an appropriate range, as the maximum temperature of the day became higher, the rice quality about amylose content, essential amino acid, brown rice rate and polished rice rate were lower, but the rice quality about gelatinization temperature, gel consistency, protein content, chalkiness rate, chalkiness degree and yield were higher.
The relationship between yield, quality of special rice and the minimum temperature at the grain filling stage is shown in Figure 3 . The results revealed that the daily minimum temperature was negatively correlated with amylose content, Figure 2 . The relationship between grain yield, quality of special rice varieties and daily maximum temperature during grain filling period. Figure 3 . The relationship between grain yield, quality of special rice varieties and daily minimum temperature during grain filling period.
protein content, essential amino acid, brown rice rate and polished rice rate, but gelatinization temperature, gel consistency, chalkiness degree, chalkiness and yield were positively correlated with minimum temperature. In an appropriate range, when the daily minimum temperature became higher, as the rice quality about gelatinization temperature, gel consistency, chalkiness degree, chalkiness and yield were higher, while the rice quality about amylose content, protein content, essential amino acid, brown rice rate and polished rice rate were lower.
The relationship between the yield, quality of the special rice and the daily average temperature during the filling period is shown in Figure 4 . The statistical analysis of the data showed that daily average temperature during grain filling period was negatively correlated with amylose content, protein content, essential amino acid, brown rice rate and polished rice rate, but it was positively correlated with gelatinization temperature, gel consistency, chalkiness degree and yield. In an appropriate range, when the daily average temperature became higher, as the rice quality about gelatinization temperature, gel consistency, chalkiness degree and yield were higher, while the rice quality about amylose content, protein content, essential amino acid, brown rice rate and polished rice rate were lower.
The relationship between yield, quality of the special rice and the daily temperature difference during the filling period is shown in Figure 5 . It is indicated that the daily temperature difference during grain filling was negatively corre- gelatinization temperature, gel consistency, protein content, essential amino acid, chalkiness rate, chalkiness degree, white rice rate and yield. As the daily temperature difference of the day became higher, the rice quality about gelatiniza- The relationship between yield, quality of special rice and solar radiation during the filling period is shown in Figure 6 . The data indicated that solar radiation was positively correlated with amylose content, gelatinization temperature, chalkiness degree, polished rice rate and yield while negatively correlated with gel consistency, protein content, essential amino acid, chalkiness rate, and brown rice rate. It meant that with the solar radiation more and more, conducive to the formation of quality amylose content, gelatinization temperature, chalkiness degree, polished rice rate and yield, but harmful to the formation of quality gel consistency, protein content, essential amino acid, chalkiness rate, and brown rice rate.
Amylose content, gelatinization temperature, gel consistency, chalkiness rate and chalkiness degree of special rice varieties were negatively correlated with rainfall during the heading to maturity period ( Figure 7 ). While protein content, essential amino acid, brown rice rate and polished rice rate were observed positively correlated with rainfall capacity during the filling period. During heading to maturity period, rainfall capacity was good for protein content, essential amino acid, brown rice rate and polished rice rate formation, but harmful to amylose content, gelatinization temperature, gel consistency, chalkiness rate and chalkiness degree formation. Figure 8 shows that amylose content, gelatinization temperature, gel consistency, chalkiness degree, chalkiness rate, polished rice rate and yield of the special rice varieties were negatively correlated with air humidity from head to Table 3 shows that, correlation of gel consistency was highly significant with all the meteorological factors except solar radiation at grain filling period. A positive correlation was found among gel consistency and daily maximum, average and minimum temperature having difference of 5, 10, 15 and 20 days after heading. The rain fall and humidity were found negatively correlated with each other.
Correlation between Grain Quality, Yield of Special Rice Varieties and Meteorological Factors in Filling Periods
Gel Consistency
Brown Rice Rate
Brown rice rate resulted negative correlation with daily maximum temperature, average temperature and solar radiation. This daily temperature difference was15 and 20 days after heading (Table 4) while positively correlated with precipitation and air humidity of 10, 15, and 20 days after heading. (Table 5 and Table 6 ). Table 7 showed that amylose content had a negative correlation with daily minimum temperature on first 5 days after heading, but the correlation with other factors were found non-significant. Table 6 . The correlation between essential amino acids of special rice varieties and meteorological factors at grain filling stage. 
Amylose Content
Gelatinization Temperature
Correlation between gelatinization temperature and meteorological factors is showed in Table 8 . The gelatinization temperature directed no correlation with precipitation, air humidity and solar radiation on first 20 days after heading, but significant correlation was observed with temperature factors. Among temperature factors, gelatinization temperature and daily maximum temperature of first 5 days, 10 days, and 15 days, daily minimum temperature of first 5 days after earring, daily average temperature and daily temperature difference of first 5 days and 10 days after heading were significantly positively correlated. Table 9 shows that there was no significant correlation found between chalkiness rate and meteorological factors of first 5, 10, 15 and 20 days after heading.
Chalkiness Rate
Growth Period and Yield
Growth period was mainly affected by daily minimum temperature after heading (Table 10) . A positive correlation was observed with daily minimum temperature on first 20 days after heading. Yield was greatly affected by daily maximum temperature and daily average temperature (Table 11 ) and had a significant Table 8 . The correlation between gelatinization temperature of special rice varieties and meteorological factors at different grain filling stage. Table 9 . The relationship between chalkiness rate of special rice varieties and meteorological factors at different grain filling stage. Table 11 . The relationship between yield of special rice varieties and meteorological factors at different grain filling stage. 
Discussion
Differences in Quality of Special Rice Varieties under Different Ecological Conditions and Main Influencing Factors
This study showed that the variation in the quality of special rice among three experimental sites was related to the variety and quality traits by itself, and did not show a consistent trend of variation. This indicated that the formation of quality was very complicated process and regulated by both genetics and environment. Many researchers have also suggested that in addition to genotype differences, the physicochemical properties of rice varieties at different experimental sites vary [36] [37] [38] . Comparison with the variety traits (Table 12 ), the quality of X32 changed the most, while quality of Z819 changed the least. Comparison with the quality traits, maximum variation was observed in the appearance quality (chalkiness rate and chalkiness degree) and the processing quality (brown rice rate and white rice rate) showed alteration in a very minute amount. Rice processing and appearance quality are mostly controlled by quantitative genes, and in addition to genotype, they are closely related to the environment. Relatively speaking, the brown rice rate and the white rice rate were greatly affected by genetic factors, but despite of this chalkiness traits were highly affected by environmental factors [39] [40] [41] . The hybrid offspring of indica rice had the smallest variation in brown rice rate and the white rice rate, while maximum variation was recorded in the chalkiness rate and chalkiness degree under different ecological conditions. The brown rice rate and white rice rate of hybrid rice had little difference, while the chalkiness rate and chalkiness degree altered in a large amount due to environmental factor [42] [43] [44] [45]. Liu Bo [46] found that the variation in white rice rate and brown rice rate of the main Japonica rice varieties were not influenced by environmental factor in Liaoning province during different years, while the chalkiness rate and chalkiness degree had the largest variation. His study revealed that the special rice varieties planted under different ecological conditions, a maximum change was observed in the appearance quality (the chalkiness rate and chalkiness degree) while the processing quality (brown rice rate and polished rice rate) were not really affected.
The results of our study showed that for any single quality trait, there were varieties with significant differences among the three experimental sites. This indicates that all quality traits are regulated to varying degrees by meteorological factors. However, different meteorological factors may have high differences in the regulation of different quality traits. Temperature is an important environmental factor affecting crop growth and yield, and a primary environmental factor affecting rice quality [47] . Temperature alteration directly affects rice antioxidant system, photosynthesis, respiration and carbohydrates formation, thus influenced the quality of rice [48] [49] . Zhang Songwu [50] reported that tem-perature was the most significant factor affecting rice quality, especially at grain filling stage.
In our experiment, the effects of meteorological factors (the maximum temperature, the minimum temperature, daily average temperature, daily temperature difference, solar radiation, humidity, rainfall) on rice quality during the head-mature period were analyzed in detail. The daily average temperature was positively correlated with gelatinization temperature, gel consistency, chalkiness rate, chalkiness degree, yield, but negatively correlated with protein content, essential amino acids, and brown rice rate. Solar radiation was positively correlated with gelatinization temperature, chalkiness degree, amylose content, white rice rate and yield but negatively correlated with gel consistency, protein content, essential amino acid content and brown rice rate. Our results are in line with Liu Bo [46] during his study entitled effect of temperature and light factor on the yield and quality of main japonica rice varieties in Liaoning province, He recorded that the daily average temperature showed a very positive correlation with the brown rice rate, a highly negative correlation with the amylose content and chalkiness degree while slightly a negative correlation with white rice rate, chalkiness rate, grain length and gel consistency; the solar radiation was negatively correlated with the brown rice rate and the gel consistency, but positively correlated with the white rice rate, chalkiness rate, chalkiness degree and amylose content; the humidity was positively correlated with gel consistency, gelatinization temperature and chalkiness, but negatively correlated with amylose content.
Humidity was positively correlated with protein content, amino acid content, brown rice rate, while negatively correlated with amylose, gelatinization temperature, gel consistency, chalkiness rate, chalkiness degree and white rice rate. Our results have a little contradiction with previous studies. The possible reason reasons might be first the types of varieties used in the experiment were different, so their genetic basis was different, and it's not necessary that every variety with different genetic coding respond to meteorological factors in the same mode;
secondly the large differences in experimental areas lead to maximum variation in climatic environments, so that the test results are not completely consistent.
This indicates that quality formation and alteration in it is a complex process, every variety has their own responding ability to environmental factors, thus the impact of meteorological factors on quality of each variety is also different.
In addition, the maximum temperature, the minimum temperature, the temperature difference and the rainfall in this experiment all had different effects on rice quality and yield. Throughout the seven meteorological factors, the highest impact on the quality indicators was: chalkiness rate, chalkiness degree, brown rice rate, white rice rate, gel consistency, and gelatinization temperature. It was found that the chalkiness rate and chalkiness degree variability were largest, the gel consistency and the gelatinization temperature were the optimum while the brown rice rate and the white rice rate were the smallest. It was indicated that Among these seven meteorological factors, it can be divided into temperature factors (the maximum temperature, the minimum temperature, daily average temperature and daily temperature difference), moisture factor (rainfall and air humidity) and caloric factor (solar radiation). The rice quality indicators mainly influenced by the temperature factor are: gel consistency, gelatinization temperature, amylose content, brown rice rate, chalkiness rate and yield; the rice quality indicators mainly associated with moisture factor are brown rice rate, white rice rate, gel consistency, chalkiness rate and chalkiness degree; the indicators associated with caloric factor were: brown rice rate, white rice rate, amylose content, gel consistency, protein content and essential amino acid content.
Relationship between Quality and Yield of Special Rice Varieties and Meteorological Factors at Different Time after Heading
The grain filling stage is a key period for rice yield and quality formation. Heading and flowering are the most sensitive periods for rice. In previous study, most of them are concentrated on these three stages of rice panicle differentiation, flowering and grain filling [52] . From this study we observed that the formation of amylose content was correlated with temperature factors (the daily maximum temperature, the daily minimum temperature, the daily average temperature, and the temperature difference) at initial 5 days after heading and the correlation coefficient was higher than the other periods. There was a significant negative correlation between the minimum temperature and amylose content, within a certain range, the low temperature during this period is more conducive to the accumulation of amylose in the special rice, which was in similarity with the results of Aboubacar [53] . In parallel, our study also showed that solar radiation had a large correlation with the accumulation of amylose after 10 days of heading. All of the temperature factors showed a significant or highly significant correlation to the gel consistency during the grain filling period.
The moisture factor showed a highly negative correlation to the gel consistency at all times during the grain filling period. For the gelatinization temperature, the temperature factor showed a positive correlation for the whole filling period and reached a significant or extremely significant after 5 days of heading stage while the moisture factor indicated a negative correlation for the whole filling period.
Lin [54] who found that high temperature can enhance the transcription of but not up to a significant level. The effect of the minimum temperature and the daily temperature difference on the essential amino acid content was greater than the other factors, but none of them reached a significant level. For feed rice, brown rice rate is an important indicator but although it is mostly affected by genetic factors rather than environmental factors [39] [51]. It will also help to improve the brown rice rate when knowing that the specific of meteorological factors after heading. There was a positive correlation between temperature factor, heat factor and brown rice rate, while water factor had a negative correlation with brown rice rate. The influence of these two factors on brown rice rate in the middle and late filling stage was greater than that in the early stage, and the correlation was significant or extremely significant. Therefore, in the late filling stage, irrigation increases the humidity in the field, and can also appropriately lower the temperature, which has a positive impact on brown rice rate. The chalkiness rate is the most important quality of appearance quality, and the good appearance is favored by consumers. For the special rice, there is no excessive demand for appearance quality. In our study, the temperature factor and the heat factor were positively correlated with the chalkiness rate, and the water factor is negatively correlated with chalkiness rate, but all these three factors had not reached till significant level.
For the yield both the temperature factor and the heat factor were positively correlated and the water factor was negatively correlated. The maximum temperature and the daily temperature difference factor were significant or extremely significant with yield after 10 days of heading, while the lowest temperature was significantly correlated with yield after 10 days of heading. This showed that during the filling period, within a certain range, the temperature rise and the sunny weather are more conducive to the formation of yield.
Conclusion
The results obtained from the experiment revealed that meteorological factors have a significant influence on yield and quality of special rice during grain filling period. In meteorological factors, daily temperature difference indicated the maximum effect on grain quality. In quality traits, chalkiness rate is influenced by meteorological factors mostly.
